
THE MEASUREMENT OF IMPACT NOISE 


Many of the everyday noises that we 
hear are impact noises. They range in 
intensity from the “tick-tock*’ of a 
watch to the tremendous i^ntsh of a huge 
drop hammer. In the industrial plant 
inipact noises are pnKluced by ham¬ 
mers. riveters, chippc‘rs, and punch 
pn»s.s<»s: and in the offue, by type¬ 
writers and business machines of vari¬ 
ous .sorts. related class of noise is 
explosive noise as in gun fire or even the 
re|K*ate 1 explosions of gasoline engines 
in autos and trucks. To industry, some 
of these noises can be a s('rious problem, 
particularly those prodiiced by large 
<lrop hammers, because of the passible 
hearing loss that can n^ult from <*on- 


tinued exposure to the noise.* This 
problem has led to considerable rv- 
search in the fields of hearing damage 
from noise, of noise reduction, and of 
noise measununent. 

Noise measurements with sound- 
level meters and s|)ectrum analyzers 
are inade(|uate for evaluating impact 
noise. A cathode-ray ascillograph can 
l>e used to study this type of noise, but 
the measurement is so complicated that 
it is performed mainly in the r(‘sear<*h 
laboratory. 

A new instrument, the Tvi*e I55r>-A 


I Sul>cominitter Z24>X''2. **Tlie Relation of Hearing I^«w 
to Noiae Exp<Mure," Araeriran Standanla Aasociatinn. 
New York, IWV4. p. 4tt. 


Figure 1 Otcillogrom of noite from a tingle itrike of a punch prett doing o simple forming opero* 

tion. The time scale along the horizontal axis is 10 milliseconds per division. The instantaneous sound 
pressure is displayed on the vertical axis, and the peak level recorded is 120 db re 0.002 microbar. 

Figure 2 (cealerj. Oscillograms of noise from two separate handclaps. The time scale along the hori* 
zontol oxis is 2 milliseconds per division. 

Figure 3 (right). Oscillogram of noise from a small drop hammer. The time scale along the horizontal 
axis Is 10 milliseconds per scale division. 
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Impact \oiso Analyzer, shown in Fi|<- 
ure 4, has I)een recently developed to 
.simplify the.se measurements. Thi.s in- 
.stniment is an accessory for a .sound- 
l(‘vel meter, and it can lx* used to mejis- 
ure certain significant characteristics 
of an impact noi8(\ It is also useful as 
an a(M*eH.sory for spectrum analyzers, 
such as the Tyhk 15o()-A Octave Hand 
Noise .Vnalyzer, for magnetic tape re¬ 
corders and for the Type 7til-A Vibra¬ 
tion Meter. 

'ria* i’onsiderations underlying the 
design, operation, and application of 
this new instrument will Ik‘ better 
underst(H>d if we consider first some of 
the characteristics of impact noises. 

Characteristics of Impact Noise 

Figures 1, 2, and 3 are oscillo¬ 
graphic re<*ords of instantaneous souml 
pressure (the vertical ordinate) versus 
time (horizontal a.\is). Figure 1 is the 
oscillogram of the elei'trical output of a 
eonden.s(»r microphone placed 4 feet 
from a punch press doing a simple f(»rm- 
ing operation. The time .scale along the 
horizontal axis is 10 milliseconds p(*r 
division, that is, 0.1 .second for the full 
sweep. The instantaneous peak level 
shown in the oscillogram is 120 db (rr 
0.0(X)2 microbar) and occurs about o 
milli8<M*onds after the first sound from 
the impact. .\t I millisecond, a levtd of 
about 110 db is reached. After this 
initial rapid rise, the level decays, so 
that after about 30 milliseconds it is 
ai)preciably below it^s maximum. (Jne 
interesting feature (»f this impact sound 
is the random nature of the individual 
|)eak amplitudes. That is, although 
there is the general trend of a rapid rise 
to a maximum value and a slower l)Ut 
still rapid decay, successive peak ampli¬ 
tudes vary appreciably. This Inihavior 


is shown more clearly in succeeding 
uscillograms. The sound-pressure wave 
is also dissymmetrical, with the pos¬ 
itive, or exce.ss, pressure wave having 
the highest instantaneous jM'ak level. 

I'he oscillograms in Figure 2 corres¬ 
pond to the sound pressun* waves of 
two separate handclaps about IS inches 
from the condenser microphone. Here 
the time scale has Ikhmi spread out, each 
division being 2 milli.seconds. The in¬ 
stantaneous |x*ak pcxsitive levels, at¬ 
tained in a fraction of a millisecond, are 
117 db and 115 db. and the negative 
levels are 118 db and 117 db. The decay 
is appreciably longer, l>eing several 
millist*conds. The di.ssymmetry here is 
not marked, but the randomness of the 
individual amplitudes of the oscilla¬ 
tions is clearly shown. 

The oscillogram* of Figure 3 is a 

*('oune8y ot Liberty Miitiuil IaturmnceCompany, B<Mtun. 
MajBwchuiKtta. 

Figure 4. View of Impocf Noise Anolyzer oHoched 
to a sound-level meter. 
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^ display of llu* sound wave from a small 
KSOd-ll) drop hamiiKM’ in mm open lield. 
The microphone was 24 foot from the 
hammer, and the maximum lev^l ()l>- 
servcil is I M) dl). ("Iliis is the very faint 
IH'ak 8.0 small divisions above the ref¬ 
erence line.) 44ie time scale alon« the 
horizontal axis is 10 milli.seconds per 
small division. The usual very rapid 
rise and fast decay is very clearly 
shown here, lint in addition there is a 
low-fre(|ueney variation havin}i»;a pi'Hofl 
of about 25 millisi'conds (40 eps), which 
is a ringing of the hammer. This tyjie 
of oscillation is not so apparent in the 
oscillograms taken close to the hammer. 
.\t a distance of 8 feet, for example, the 
oscillograms an^ very similar to those of 
Figures 1 and 2. A typical peak level 
for this small hammer at a distance of 
3 feet i.s 127 db. The ditference in shape 

^ of the oscillograms at these distances 
is a result of the apjtreciable attenua¬ 
tion of high-fre»|uency components and 
relatively small attenuation of the low- 
fre<|nency component. 

Need for a New Instrument 

When a standard sound-level meter 
is used to measure stich noi 8 t\s, the mo¬ 
mentary reading obtained at each im¬ 
pact .seems to have little significance. 
The sound level met(*r is inadequate be- 
r*ause an impact sound does not remain 
at any particular level for a time that is 
comparable to the time con.stants of the 
meter, whi<’h are of the order of two- 
tenths of a .second. The meter reading 
does show a momentary i*i.se and de(?ay, 
but tin* maximum reading obtained is 
commoidy 15 to 30 db below the peak 
l<*v(‘l of the wave. 

^ A cathode-ray (j.scillograph does not 
have this limitation. Its moving element 
is an electron beam, which has so little 
ma 4 ss that it can easily be made to move 
in acct>rdance with tlie instantaneous 


sound pre.ssure. By photographing the 
displayed tiscillogra|)h jiattern, one r)b- 
tains a record <)f a iu)ise of the type 
.shown in Figures I, 2, and 3. 

The equipment required to ol>tain 
.such a record i.s complicated, expensive, 
and bulky. A cathode-ray oscillograph, 
alone, has many con trots, and display- 
itig transient sounds on this devi<*e is a 
complicated operation. A.s a re.suIt, only 
a few, well-e(|uipped, re.search labora¬ 
tories have undertaken a serious study 
of impact sounds. To set up useful cri¬ 
teria for juclging tin* significanc<‘ of 
the.se .siMUuls, a great deal of experi¬ 
mental data mu.st be accumulated. The 
collection of the.se data hius been seri¬ 
ously hamp(*reil by the lack of simple 
meaii.s of mea.surement. 

The varial)ility of some imjiact 
sound.s provide.s further evidence of the 
need for simple measuring equipment. 
For example, tools using explosive car¬ 
tridges for .setting fastening devices in 
concrete produce sound.s that vary con¬ 
siderably in level from one shot to the 
next. Tlierefore. a number of samples 
of such sounds should be measured to 
determine this variability; and a simple 
measuring instrument makes such a 
study practical. 

The respon.se of the hearing mecha¬ 
nism to impact sound.s i.s appreciably 
different from that to steady sound.s. 
This difference is due in part at lea.st to 
certain delays inherent in the action of 
the hearing mechanism. These delays 
are comparable to the time constants of 
impact .sounds. The delay in the action 
of the middle ear muscles, for e.xample. 
is probably of the order of ten milli¬ 
seconds or more.^ Thus, on some impact 
sounds no appreciable action of the.se 
muscle.s will occur until after the sound 


* W A- RoBcnhUtti, "Klertncttl from tlir Atuii- 

tory Nervumi Sy»t«in,” Anna!» of UhiftiJoQv ntnl 

Lnrynoologj/, Seplo.mbiT, Iftol, V\>l. (W. Nu. 3. pp. 83W 

Htyo. 
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i.s oisscMitiiilly fompletofl. BtM iiusr of llus 
delay, one would exiK*e( the eliara4*ter 
of an impm l noiw‘ in the lirst few milli- 
seeonds to Im* of greater signiheanee 
than the heliavior after longer pi»riod.<. 

'riie ineasuremeiit of impact sounds 
hy eathode-ray aseillographs can yit'ld 
a larg<‘ amount of information. Ihit 
oscillograms cannot Ik^ used din*ctly in 
rating a in»ise. We need to have a few 
numU'ixthat will <*hara< teriz<Mhe sound 
wave, sc» that we can use the niimlKTs in 
plotting graphs and in setting up tenta¬ 
tive criteria for impact noises. A study 
of the patterns of impa4*t noise oscillo¬ 
grams leads to the conclusion that two 
4)l)vious numiKM's Ui use are the nuiximum 
instantaneous level and some measure 
of the lime duration of tin* wave. 

Description of Impact Noise Analyzer 

'rhesL' two values are readily meas¬ 
ured hy the new Type KViti-.V Impact 
\oi.se Analyzer, shown in Figure I at¬ 
tached to a sound-level meter. Both 
the jM'ak level and the duration of a 
single impact can Ik? measun‘d. The 
instrument i'ontains a battery-operated 
transist4)r amplilier, which is highly 
stabilized by negative feedbat’k. This 
amplifier simultaneously drives thrw 
a-c voltmeu*r circuits, whi<*h ctmsist 
of reetiri«*rs, storage capacitors, and a 
common el<*4*tronic d-c* voltmeter, jis 


illustratenJ in the simplifi<*fl schematic ^ 
of Figure 5. 

The electrical storage .system, which 
is a capacitor ehargc'd by the rectifier, 
makes it possible to nn*asun* all three 
4’haracteristics on a single* impact with 
4»nly one indi(‘ating meter. 'I'his storage 
system is an e.ss«*ntial ehunent in obtain¬ 
ing a sati.sfactory rea<ling on an indi- 
<*ating instrument for the.se very short 
duration sounds. In order that the 
••harge remain sti^nai in the capacitor 
for .some time, the electrical leakage of 
the rectifier must Im* e.xtremely low in 
the reverse direction. 'I'liis characteri.s- 
tic i.s obtained in n*cently developed 
silicon-junction di^wle rectifiers. 

When the meusur(*ment 4»f a .single 
impact is compl<»ted, the <*apacit,ors in 
the metering circuit are dis< harged by 
switching to a position called “RIv 
SET.’’ Then the instrument is ready ^ 
for measuring anotlH*r impact. 

The three charai-teristics of a sound 
that can lx* mciusured by means of tin* 
Impact Xoise Analyz(‘r are labeled on 
the instrum<*nt as “(^I VSI PEAK.” 
“PEAK,” and “TIME AVd” (time 
average). 

The “(^r.VSI PE.VK” i.s a continu¬ 
ously indicating measure* of the higher 
sound-pressure h*vels (x’curring just 
Ixjfon? the time* of indication. The elec¬ 
trical circuit of the “(iF.VSI PE.VK” 



Figure 5. Simplified 
functional diagram of 
the Impoct Noise An¬ 
alyzer. 
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.system a fast rise tiim* (a fra<*li(ni of 
one milIise('on(l) and a slow diM*ay lime 
(about .six-tenths of a seeoiul) so that 
the fast indieatinji meter on the instru¬ 
ment ean f«»llow roasonal>ly well th(‘ 
j)eak levels of sound. This mea.sure of 
a souiul is useful for repeated impacts. 
It also .serves as a convenient indicatr)r 
for calibrating the system, and it has 
the characteristics proposed as standard 
for tiK'asuring electrical impulse uoi.se.* 
Incidr-ntally, there is some evidenct' 
that in general it can be used as a single 
measure of lotidness of noise with a|>- 
preciably better results than is possibh* 
with the rms meter specified in th(* 
sound-level meter standard. 

The “PEAK^’ is the maximum 
sound-pre.ssiire level reached by the 
noi.se after the analyzer control is 
switched out of the “RESET” position, 
'rhe time recpiired for this instrument to 
not(‘ the peak level is so short (of the 
order of one ten-thousandth of a .second) 
that for .sound waves it can be regard<*d 
as instantaneous. This “PE.VK” level 
is stored electri<*ally for a number of 
.seconds, .so that the level can In* read on 
the indicating instrument at lei.sure. 

Compari.sons tiave been made be¬ 
tween the |>cak k'vels of impact .sounds 
mea.sured on this in.strument and tho.s<* 
mea.sured by the catliode-ray oscillo¬ 
graph techni(iue. The agreenn*nt is very 
.satisfactory, being generally within one 
decibel. 

The time-average level is obtained by 
charging a capacitor through a rectifier 
and a .series n'sistor. Seven different 
values of charging time are provided, 
ranging from - milli.secoiuls tci 0.2 .sec¬ 
ond. 'rhis time-av(*rage level is a meas¬ 
ure of the level maintained over a 
periotl i>f time, d'he actual averaging 

• Aiu»*nran StanUnril* C03.2-IM.'>0, “ 

\irii<rii'An Stati<lani S|M>«;inriilionM fur u Uutiiu Nuim* 
0 01.1 to 2.0 Stm-uihI.” 


time is .set by the charging time and the 
shape of (he pre.s.sure wave. The time- 
average level is also stored in an el(*ct.ri- 
cal capacitor, .so that it can be read on 
the indi<*afing instrument at leisure. 

The difference b(‘tween the peak level 
and the averaged level is a mea.sure of 
the time duration of the wave. How a 
particular time duration for the.se com- 
plicate<I impact waves is to be .specified 
is not obvious. If they were .simple* 
reclangtdar pulses, there would be no 
problem. Such pul.ses will be ti.sed to 
illustrate the ba.si.s of the pro<*edure 
adopted for more complicated wavi's. 

.V.ssume tliat the j*harging time of a 
rectifier circuit is .set to be 0.01 .st‘cond. 
If a constant voltage is suddenly ap¬ 
plied to this rectifier circuit, current 
flowing into the capacitor will result in 
an increase in voltage across it. 'I'he 
longer this voltage is applied, the clo.ser 
will the voltage across (he capacitor 
approach (he applied voltage. Thus, if 
it la.sts for O.Ol .second, the capacitor 
voltage should be 4 <lecibels le.ss than 
the applieil voltage. If it la.sts for only 
0.002 .second, however, it should be I.") 
decibels le.ss than tin* applied voltage. 
This relation is shown as the lower 
curve in Figure (i. Some experimental 
re.sults obtained by using the impact 
noi.se analyzer to measure known rec¬ 
tangular pul.ses are .shown al.so in Fig¬ 
ure (). The ratio of the a])plied voltage 
to the voltage acr<KSs the capacitor is 
plotted in decibels along the horizontal 
axis, and the ratio of the duration of tin* 
applied voltag<* to the charging time of 
the rectifier cinaiit is plotted along the 
vertical axis. The clo.se agreement <»f 
the mea.sured values to the theoreti<*al 
relation indicates that the circtiits are 
opfM’ating as f*xpected. 

If a rectangular ptdse «»f unknown 
fiuration is applied to this in.strument, 
its duration can be determined from 
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|Ik\so rncii.sun‘mc*nts. *rfio “I*KAK” 
circuit clwirpcs very (juickly to the full 
applied voltage so it is used as the 
reference, and the dififenMice in deciln^ls 
l>i‘tween the peak value and the aver¬ 
aged value is used with the chart to 
determine the duration of the pulsi*. 
For example, assume that the indicated 
|K*ak level is 13S dh and thi* level with 
an averaging time of second is 

130 dh. 'I’he difference in level is S 
decibels. From the chart it is .sinm that 
this level difference corn^sponds to a 
time ratio of O.o. The puls<*, therefore?, 
was one-half of 0.(K)2 second, which is 
0.001 second, or 1 millisecond. 

Impact noises are not so simt)le as 
rectangular pulses, how ever, as is shown 
by the oscillograms of Figun‘s I, 2, and 
3. Hath<‘r, they appear to 1 h», to a first 
approximation, exponentially decaying 
random noist\s. For such an applied 



5 

i 
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lOOCD^ 

ftlOOENCY IN CVCIIS Kt SKOND 5 

NOISE MEASUREMENTS ON PUNCH PRESS > 




Figur* 7. The results of on octavo-bond onolysis 
of the noise from o singlo Impact of o punch pross 
os meosurod by tho impoct noiso onolyzor on the 
output of tho octavo-bond onolyzor. 


Figure 6. Chort showing tho rolotions between tho 
rolio of the peak to averaged value ond the time 
constants of on impact and of the circuit. The lower 
curve is for a rectangular pulse, and the upper one 
is for the usual impact noises. 
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wave, a relation of the type previously 
given for rectangular pulses can be 
computed, and is shown in Figure G.* 
Here the decay time constant is defined 
in the same way as if is done in electri¬ 
cal circuits. The time constant is the 
time required for the wave to drop 8.7 
db in level from iU initial value. 

A particular example will show how 
this relation can Ik* used. Measure¬ 
ments of a small punch press stamping 
out blanks gave a peak level of 115 db 
and a time-av<?raged level of 98 db when 
a t ime constant of 0.01 second was used. 
The difference in level is 17 decil)els. 
From the chart this difference corres¬ 
ponds to a time ratio of 2. 'fhe equiva¬ 
lent impact decay time is then 2 time.s 
O.Ol, whii*h is 0.02 second, or 20 milli- 
.seconds. 

* Tlir mmput45<l rt>latiun •huwti in Kixur*! A ui hast'd on Utt* 
HMumptioD tliat tlir churinnit iiiiir of tlH* fv^ak riiruit is of 
tliu order of a hiindmdth to a ilMmsnndth the decay time 
of the cxiMirientiail^ derayina wave. I'his iissiimptiori 
appears to be iustined for niimt of the impact noises vn- 
ouuntcred in indiistrv. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 








































7 


FEBRUARY, 1956 


W’lioii this prix’odun* is iiscil on the 
iinpiifl noisfs, whose osrilhigrarns are 
shown in FiRures I and 2, «•nni\al^*nt 
decay times of ahoiit ’M) milliseconds 
for the punch press and about I milli- 
secontls f(»r the handclaps are obtained. 
I’hesi* values ai)pear to correspond rea¬ 
sonably well with estimates made from 
the oscilloRiams. 

In addition to its use for measuring 
impact nois(» ilin'ctly, the impact noi.sc 
analyzer can measure the out [Hit of a 
s|K*ctrum analyzer. For example, the 
imt>act noise of a pum*h press wils meas¬ 
ured by usiuR an octavediand analyzer 
and the new impact meter. Tlie n‘sults 
are shown in Figure 7. The u|)per curve 
is a plot of tlie peak level oliserved in 
the band, and the middle curve is a [ilot 
of the time-averaged level. 'Fhe overall 
levels ar(‘ shown at the right. 

It is not clear that the measured |H‘ak 
level in a tiand has real significance liy 
itsi'lf, since this peak is not one tliat 
a4‘tually occurs in the physical soumi 
wave. But, when it is taken in conjunc¬ 
tion witli the time-averaged level, one 
<*an get an estimate of liow the energy 
in the .soutid is dislributeiJ in fre<juency. 
’rhus, the iM'ak ami time-averaged level 
c an Im» us(h1 to determine an efpiivalent 
fiecay time for the noise in eacfi band, 
'riien. with th<* a.s.sumption that tlie 


Figure 8. The time constont of analyzed noite 
from a punch press. 



noi.se wave in each bain I is an ex¬ 
ponentially liecaying one, the .stpiare 
of the pressun* wave can Ih' integrated 
with time and the result is plotted on 
tlie chart as relative energy. The ab.so- 
Intt* tiosilion here is purely arbitrary. 
'riiese points show a distrilmtion in 
fr(MjUcncy that is more unibu'iii than 
till' di.stribution shown for the peak 
level, wliich means that, in general, 
lower fre(|iiency <*omponents tlecay les.s 
rapidly than do higher fm|uency ones. 

riie calculated ilecay time of the 
noise in the dilTerent bands is .shown 
in tlie iMirve 4>f Figure 8. These re¬ 
sults show a variation in ilecay time* 
<*onstant from 8(M) milliseconds, or 0.3 
.second, in the lowest band to a time 
constant of only 13 millise<‘onds for the 
noise in the band from 2100 to 48(K) 
cycles per st^cond. 'I'liis re.sult is what 
one would exjiect, sim*e the high-fre- 
<|Ucncy energ\’ is usually dissipated 
much more rapiilly than the low-fre- 
<|Uoncy energy. 

Other Uses 

In addition to its ust* in evaluaiiug 
impact noise and vibration, the Impact 
Noise .Vnal^^zer shows promise of being 
useful in many other (yiws of measure¬ 
ment. Among lIuKse already suggested 
are the mea.sun*merit of reverl>eration 
time, ol loudness, and of the damping 
efTect of .‘^prayed coatings. 

— .\k.\old I*. ( 1 . Peterson 
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this subject with Dr. Jerome R. Cox, 
Jr. of the Central Institute for the 
Deaf; and the assistance of Mr. Robert 
J. Ruplenas of the (General Radio Com¬ 
pany, in the development of the instni- 
ment desenbed here. 
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SPECIFICATIONS 


Input Level: AliV Volt:ig<^ boluV'M) I lliui 10 VoltS 
fur fiui'KKil range. Levels Ik^Iuu I vnlt re<luee 
tlie range of reading. 

Input Impedance: Between 25.000 and 1(K).000 
depending on LI*!VKI., eonirol selling. 
Frequency Ronge: 5c to 20 ke 
Level Indication: Meter ealibrated in det'ilH'ls 
from —10 to -f iO. Adtled attenuator switeli 
iiiereio^s range by 10 db. 

Peak Reading: Rise time is less than 50 miero- 
seeomls for a value within I db of p€*nk value 
(for reel Angular pulses). Storage time at normal 
r<K)m temperature is gre.ater tliun 10 .*<eeonil8 for 
J «lb dwreuH* in value. 

Quasi Peak Reading: Hist* time of les.s than 
inillisfH'ond and dcH’ay time of OtM) ^ 120 milli¬ 
seconds for iwtifier circuit. 

Time Average Reading: (’harge time of rectifier 
circuit .'selectetl by .sevtm position .switch, having 
limes of .IX)2, .005. .01, .02, .05, .1, and .2 sefc- 
ornls for the resistanctwapacilance time con¬ 


stant. Sttirage time at norm.al room lemjK;rat urr? 
is greater than 1 minute for 1 db tlecrejise in 
value. 

Source: \ souml-level meter or s|MM:trum an¬ 
alyzer should onlinaril.v be used t^o .supply tin* 
analyzer input. 

Input Terminals: All attached cord with jihoiie 
plug at one end. 

Batteries: One 1 ' ^rvolt size I) Ha.shlight cell 
(Rayovac 2LP or e(|uivalent| and one 4.5-voli 
H battery (ICveread^* 455 or e<|uivalent| an* 
supplied. 

Tube Complement: One TvCE CK-OIIS IuIm.*; 
Thrc‘e Type 2N 105 transistors or equivalents. 
Cabinet: Aluminum, lini.slu‘d in organic black. 
('arising ease sufiplied. 

Mounting: May Ih* histeneil loend frame of Type 
J55I-A Sound Is'vel Meter. 

Dimensions: 7 ^ 2 ' (wide) X 4*4 " (diH*p) X 0* ^" 
(high). 

Net Weight: In.striiment, 4*2 poiind.s; (’arrying 
c,*us<‘, 1 fKiiind. 


Typt- Cwh Wtpnl Pru t 


1556-A Impact Noise Analyzer .MKUAL $210.00 


A Elf (ppnerat Ratlia nel~/»rivp list is enritpspil trith iftis I'opy of ihe 
E\ P Eli I .M E.\'T ER» Is there have been many revisions, please be sure 
to use this latest price information trhen ttrderinfi, I'he list is of convenient 
size for filing ivith your copy (\f our catalog. 

I'he prices are ttet f.i^.b. (Cambridge or ll est ('.oncord. Mass, ('iistomers 
in other ctmntries are remitided that quantity disamtits shoirti for sftrne 
items apply only for domestic sales. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbridge 6-4400 

BRANCH ENGINEERING OFFICES 

NEW YORK 6, NEW YORK LOS ANGELES 3t, CALIFORNIA 

90 WEST STREET 1000 NORTH SEWARD STREET 

TEL.— worth 4.2722 T E L. — H O 11 y w e • d 9-6201 


CHICAGO 5, ILLINOIS 
920 SOUTH MICHIGAN AVENUE 
TEL. —WAboth 2.3«20 


PHILADELPHIA OFFICE 
1150 YORK ROAD 
ABINGTON, PENNSYLVANIA 
TEL.—HAncock 4-7419 


SILVER SPRING, MARYLAND 
•OSS 13th STREET 
TEL. —JUnipar S-IOtS 


REPAIR SERVICES 

WEST COAST 


CANADA 


WESTERN INSTRUMENT CO. 

• 26 NORTH VICTORY BOULEVARD 
BURBANK, CALIFORNIA 
TEL.—Victoria 9-3013 


BAYLY ENGINEERING, LTD 
FIRST STREET 
AJAX, ONTARIO 
TEL.—Toronto EMpIre 8-6866 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (8 OO) 899-8438 • fax: (516) 334-5988 





